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ABSTRACT: Oxidation-reduction potential (ORP) of sea bottom sediment is decreased by reduced substances (ODU) 
such as H2S, Fe
2+ and Mn2+, which are released in the anaerobic digestion processes of organic matter existing in the 
sediment. There are many factors which control reaction conditions in the digestion processes, for example organic 
matter conditions (e.g., type and amount) and environmental conditions (e.g., temperature, the concentration of oxygen, 
and other electron acceptors). The purpose of this study is to identify redox conditions of sea bottom sediment based on 
ignition loss behavior. Particularly, redox conditions of the sedimentation is figured out through field obseravations. 
Different types of bottom sediment were collected from different coastal regions. Ignition loss (IL), pH, and ORP of the 
sediments were measured. Furtheremore, the relationship between redox potential and ignition behavior of the 
sediments are figured out through laboratry experiments. Moreover, the amount of reduced substances existing in the 
sediments was evalated on the basis of oxygen consumption. From field observation results, it can be said that organic 
conditions of sediment can be identified based on the ignition loss behavior, and the redox conditions of the sediment 
could be presented by the value of the ratio of the ignition loss at 300 ℃ to that at 600 ℃ (IL300/IL600). From laboratory 
experiment results, it was found that unstable-organic matter which burned under 300℃ easily degraded than humic 
organic matter which burned over 300℃, leading to high oxygen consumption due to large amount of unstable-organic 
matter. 
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INTRODUCTION 
Oxidation-reduction potential (ORP) of sea bottom 
sediment is decreased by reduced substances (ODU) 
such as H2S, Fe
2+ and Mn2+, which are released in the 
anaerobic digestion processes (Fig.1 ①-⑤) of organic 
matter existing in the sediment. There are many factors 
which control reaction conditions in the digestion 
processes, for example organic matter conditions (e.g., 
type and amount) and environmental conditions (e.g., 
temperature, the concentration of oxygen, and other 
electron acceptors) (Bachmann et al. 2001; Kimberley et 
al. 1998). ORP is commonly used to evaleate redox 
condition of sediment. ORP is the ratio of concentration 
of oxidants to that of reductants, as expressed by the 
Fig. 1 Organic matter digestion processes in sediment under an anaerobic condition 
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Nernst equation (Matocha et al. 2005):  
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where E is the oxidation reduction potential, E0 is the 
standard oxidation–reduction potential, R is the gas 
constant, T is the absolute temperature, n is the number 
of electrons involved in the redox reaction, F is the 
Faraday constant, [Red] is the reductant concentration, 
[Ox] is the oxidant concentration. Generally, reduction 
reactions in sediment are manganese reduction, iron 
reduction, and sulfide reduction, as expressed by the 
following equations: 
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where E0h is the standard oxidation-reduction potential. 
Each standard potential in volts fixes the activity of 
reactants, products, and H+ at unity by definition. The 
Nernst equation can be rewritten by Eqs. (5)-(7) for each 
reaction, and under more realistic environmental 
conditions of which Mn2+, Fe2+, and SO4
2- = 10-5 mol L-1 
and partial pressures of O2 and H2S of 0.02 and 0.0001 
Mpa (Matocha et al. 2005): 
Manganese reduction potential 
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The calculated Eh for the oxidant half reaction is 
comparatively higher than that of the reductant half 
reaction, thus the forward reaction is favorable.  
Digestion reactions of organic matter in bottom 
sediment are oxidation reactions caused by anaerobic 
microorganism. In anaerobic digestion processes, 
organic matter works as electron donor, then the electron 
is supplied for TEA, finally TEA is reduced to ODU. 
Furthermore, the digestion rate increases as amount of 
organic matter increases. There are many kinds of 
organic matter that have different digestion rates. The 
digestion rate of easily decomposable organic matter was 
2500 times bigger than that of persistent organic matter 
(Katsev et al. 2006). Therefore, identification of organic 
matter characteristic is needed to evaluate redox 
conditions of sediment. According to Cuypers (1988), 
organic matter could be identified as unstable-form 
organic matter which burned under 350℃, and as humic 
organic matter which burned over 350℃. In other words, 
it is possible to identify organic matter based on the 
ignition behavior.  
The purpose of this study is to identify redox 
conditions of sea bottom sediment based on ignition loss 
behavior. Particularly, conditions of bottom sediment are 
figured out through field obseravations. Furtheremore, 
the relationship between redox potential and ignition 
behavior of sea bottom sediment is figured out through 
laboratory experiments using the sea bottom sediments 
that have various ignition loss behaviors.  
 
METHODS AND MATERIALS 
 
Field Observations 
Field observations were conducted at the western part 
of Yong-Won Bay (St.10), Fukuyama inner harbor, and 
Kaita Bay (Fig. 2). It has been pointed out that the 
sediment deposited in the Yong-Won Bay and Kaita Bay 
consist organic matter derived from primary production, 
and the sediment deposited in the Fukuyama inner 
Fig. 2 Study area of field observations (a) Yong-Won 
Bay and (b) Kaita Bay and Fukuyama inner harbor 
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harbor consists organic matter derived from sewage 
water (Fukui et al, 2012). In filed observations, bottom 
sediment were sampled using a bottom core sampler 
(sampling depth is 30 cm). The sampled sediments were 
slid in 2 cm, and were analyzed to obtain ignition loss, 
pH, and ORP.  
 
Laboratory Experiments 
 
Oxidation-reduction experiment 
Fig. 3(a) illustrates the oxidation-reduction 
experiment device. In this experiment, the sea bottom 
sediments sampled from Yong-Won Bay, Fukuyama 
inner harbor, and Kaita Bay were used. The sediment 
and deionized water (total volume = 1000 mL) were put 
in the device to make a similar water content (800%). In 
this experiment, the sample was stirred at 160 rpm, and 
aerated during 14 days (oxidation period). Then, the 
stirring and the aeration were stopped, and the sample 
was kept in a static condition from 14 to 28 days 
(reduction period). In this experiment, pH, ORP, and 
oxygen consumption of the sample (sediment-mixed 
water) were measured. pH and ORP were measured 
using a pH・ORP meter (Horiba, D-52) 
 
Oxygen consumption test 
Each sediment has various oxygen consumption 
rates because of different amounts of organic matter and 
ODU which are released in organic matter digestion. In 
other words, the amount of organic matter can be 
determined based on the oxygen consumption. In this 
study, it is assumed that oxygen is only consumed by 
ODU. The oxygen consumption of each sediment was 
measured using a flask by pouring 20 mL of the sample 
collected from the oxidation-reduction experiment into 
100 mL of oxygen- saturated deionized water and stirred 
at 450 rpm (Fig.3 (b)). Oxygen concentration was 
measured using a DO meter (WTW, FDO925). 
Ignition loss test 
In an ignition loss test, the sediment was burned at 
200 to 600℃  at intervals of 100℃ , in 4 h for each 
temperature step using an electric muffle furnace 
(Yamato Science, FO510). The ignition loss of each 
temperature step is expressed, for example  IL300, which 
means the ignition loss at 300℃. Hereinafter, the amount 
of unstable-form organic matter is defined by IL300 and 
the amount of humic organic matter is defined by ILh. 
ILh is calculated using the following expression: 
)8(300600 ILILILh   
RESULTS AND DISCUSSION 
 
Organic Conditions of Sea Bottom Sediment 
Fig. 4 Vertical profile of ignition losses (a) IL600, (b) IL300, (c) ILh, and (d) IL300/IL600 
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experiment, and (b) Oxygen consumption test 
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Fig. 4 shows vertical profile of ignition losses of the 
sediments. IL600 of the sediments deposited in Fukuyama 
inner harbor, Kaita Bay, and Yong-Won Bay were about 
25%, 12%, and 10%, respectively. In addition, 
IL300/IL600 of the sediments deposited in Fukuyama inner 
harbor, Kaita Bay, and Yong-Won Bay were about 0.6, 
0.3, and 0.4, respectively. These ensured that the 
sediment deposited in Fukuyama inner harbor had large 
amounts of organic matter,   and   highest  percentage  of  
unstable-form organic matter. Therefore, it is considered 
that digestion reactions of organic matter strongly 
occurred in the sediment deposited in Fukuyama inner 
harbor. On the other hand, sediments deposited in Yong-
Won Bay and Kaita Bay had low amount of organic 
matter and high percentage of humic organic matter. 
From these results, it is considered that digestion 
reactions weekly occurred in the sediment deposited in 
Yong-Won Bay and Kaita Bay. 
 
Redox Condition of Sea Bottom Sediment 
Fig. 5 shows vertical profiles of pH and ORP of the 
sediments. pH and ORP of the sediment deposited in 
Fukuyama inner harbor which contained large amounts 
of unstable-form organic matter were 6.7 and -200 mV 
(lower than other sediments).  From this result, it is 
thought that large amounts of organic matter were 
digested by bacteria, then organic acid and ODU were 
produced, leading to the large decreases of pH and ORP. 
ORP of the sediment deposited in Kaita Bay and Yong-
Won Bay were -150 mV and -200 mV, respectively. 
IL300/IL600 of the sediment deposited in Kaita Bay (0.3) 
was smaller than that of the sediment deposited in Yong-
Won Bay (0.4). From this result, it is expected that the 
percentage of unstable-form organic matter impacts on 
the redox conditions of sediment in which the higher 
IL300/IL600 leads to the lower pH and ORP.  
Fig.6 shows the relationship between pH and ORP of 
sediments. ORP of the sediments deposited in Fukuyama 
inner harbor was under the SO4
2-/H2S redox potential 
line. On the other hand, ORP of the sediments deposited 
in Kaita Bay and Yong-Won Bay were near the SO4
2-
/H2S redox potential line. The distance from the SO4
2-
/H2S redox potential line refers to the amount of sulfate 
to that of hydrogen sulfide. Therefore, the sediment 
deposited in Fukuyama inner harbor that had highest 
IL300/IL600 contained large amounts of hydrogen sulfide. 
From these observation results, it can be said that 
organic conditions of sediment can be identified based 
on the ignition loss behavior, and the redox conditions of 
the sediment can be presented from the value of 
IL300/IL600.  
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Fig. 5 Vertical profile of (a) pH, (b) ORP 
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Organic Digestion in Oxidation and Reduction 
Process 
Table 1 shows organic conditions of sediment used in 
the oxidation-reduction experiment. Fig. 7 shows 
temporal changes of pH and ORP of the oxidation-
reduction experiments. pH of the sediments collected in 
Yong-Won Bay and Fukuyama inner harbor decreased at 
2 days, indicating that organic matter digestion was 
promoted and organic acid was produced after supplying 
oxygen. pH of the sediment collected in Kaita Bay which 
had small IL300/IL600  was kept constant (pH=7.5) during  
this experiment. This ensures that the amount of organic 
matter digested in the Kaita sediment was comparatively 
small, because of small percentage of unstable-form 
organic matter. ORP of all sea bottom sediments 
increased and became 200 mV at 7 days responding to 
oxygen supply. It was also found that pH started to 
decrease after ORP increased to 100 mV (Fig. 8 (a)). 
Under an aerobic condition, organic matter digestion rate 
was twice faster than that under an anaerobic condition 
(Reddy et al. 2004). Thus, it is thought that organic 
matter digestion process changed from an anaerobic to 
an aerobic condition due to the oxygen supply, leading to 
the large decreases in pH. After stopping the aeration at 
14 days, ORP of all sediments decreased, especially 
ORP of Kaita Bay and Yong-Won Bay were smaller 
than the initial value. This result suggests that organic 
matter digestion was occurred by reduction reactions 
(Eqs. (1)-(3)) in the sediments. Therefore, pH of the 
sediments collected in Yong-Won Bay and Fukuyama 
inner harbor were increased due to the consumption of 
proton (H+) in these reduction reactions. 
 
Changes in Oxygen Consumption due to Organic 
Matter Digestion 
Fig. 9 shows temporal variations of oxygen consumption. 
Oxygen consumption of all sea bottom sediments 
decreased along with increases in ORP (oxidation 
period). Oxygen consumption became smaller after 7 
days. This means that the oxidation of reductants 
finished at 7 days. Therefore, it is considered that the 
amount of oxygen consumption at 7 days to 14 days 
depends on only the oxidation digestion of organic 
matter. Fig. 10 shows the oxygen consumption at 14 
days of all sediments. The oxygen consumption of 
Fukuyama inner harbor which had high amount of 
unstable-form organic matter was largest.  Moreover, the 
oxygen consumption of Yong-Won bay was larger than 
Fig. 8 Changes of pH-ORP in (a) Oxidation period (0-14 
days), and (b) Reduction period (14-28 days) 
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that of Kaita Bay. From this result, it is considered that 
the oxidation digestion of organic matter increases with 
increases in the percentage of unstable-form organic 
matter.  
Fig.11 shows the relationship between ORP and 
oxygen consumption in the oxidation period. The oxygen 
consumption increased when the ORP was low as well 
as the percentage of unstable-form organic matter was 
high. These results indicated that unstable-organic matter 
is easier to degrade and produce ODU than humic 
organic matter, leading to the high oxygen consumption. 
 
CONCLUSIONS 
Field observations and laboratory experiments were 
conducted to investigate the relationship between 
organic conditions and redox conditions of sediments.  
 
 
 
 
 
 
 
The major conclusions from this study can be 
summarized as follows: 
(1) There was a significant coloration among pH, ORP 
and IL300/IL600, which a higher IL300/IL600 refers to a 
lower pH and ORP.  
 (2) From laboratory experiment results, it was 
confirmed that the digestion of the sediment that had 
higher IL300/IL600 caused large decreases in pH and ORP.  
Furthermore, the oxygen consumption of sediment was 
high in the case that the sediment had a high value of 
IL300/IL600.  
It can be concluded from our results that the organic 
and redox conditions of bottom sediment can be 
predicted based on IL300/IL600 and the oxygen 
consumption of the sediment. 
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Fig. 10 Oxygen consumption after 14 days 
Fig. 11 Relationship between ORP and oxygen 
consumption 
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